For some time, the Editors of The Journal of General Virology have sought a format for presenting accounts of advances and notable events in virology, in a broader and more flexible manner than is afforded by the traditional review of a topic in depth. This article represents an experiment in such presentation. Its aim is to look at advances in virus research, and to present brief accounts of the most important and interesting work published within a calendar year. Subject to evaluation of the success of this first essay, an annual feature is envisaged.
structures of two picornaviruses. Rossmann et al. (1985) reported the structure of human rhinovirus type 14 to 3.0/~ (0.3 nm) resolution, and Hogle et al. (1985) described the structure of poliovirus type 1 to 2.9/~ (0.29 nm) resolution. These are the first animal viruses to be described at atomic or near-atomic resolution, and the results will clearly have an enormous impact on the direction and focusing of picornavirus research. The following description is presented as a precis of the complex and highly detailed results of the two papers. The two structures have so much in common that they are treated together.
The virions consist of an icosahedral protein shell containing the 7500-residue single-stranded genome RNA. Each particle consists of 60 molecules of each of the three major virion proteins VP1, VP2 and VP3, and also 60 molecules of the smaller protein VP4. The 3D structures now determined show that the three major virion proteins have a common architecture. Each consists of a core made of a bundle of eight antiparallel fl-sheets (a so-called fl-barrel), together with two ct-helical regions. The major differences between the proteins are in the extents and conformationsof their termini and of the loops joining successive core elements. However, the overall structural similarity is such that VP1, VP2 and VP3 must be considered as having a common evolutionary origin. This was not a result which had been suspected from sequence analysis.
Previous to these studies, several icosahedral plant RNA virus structures had been determined by X-ray crystallography. However, these contain either 180 identical protein subunits per particle, or 60 identical subunits. It now emerges, unexpectedly, that each of the animal picornavirus major proteins is also constructed on the same architectural plan as the plant virus proteins.
During the computational process of extracting the 3D structure of rhinovirus and poliovirus particles from the raw data of X-ray diffraction by virus crystals, use was made of the noncrystallographic symmetry of the particle. That is, the fact of the icosahedral nature of the virion was used as an input in solving the structure. The result of this-is that any structure which is not icosahedrally symmetrical does not appear in the final picture. The virion appears as a continuous shell of protein of radius 110 A to 140/~ (11 to 14 nm), but no information on the state of the RNA is obtained, and certain of the termini of protein chains are also 'invisible'.
Assembly of the virion probably proceeds along the following route, which should help visualization of the structure. The basic unit is the protomer, consisting of one molecule each of VP0, VP1 and VP3 (at a later stage VP0 is cleaved to VP2 and VP4). Each protomer is presumably derived from a single precursor polyprotein molecule. It seems likely that a pentamer, containing five protomers, is an intermediate. In the disc-or bowl-shaped pentamer, the five VP1 molecules are at the centre of the disc, to form a marked protuberance on what will become the virion's external surface, while VP0 and VP3 molecules form the periphery of the disc. The complete virion is then formed by association of 12 pentamers, plus, of course, RNA. Thus, the 12 fivefold vertices of the resulting icosahedron are each occupied by chains from five VP1 molecules, to form 12 pronounced surface peaks, rising to 165 A (16-5 rim)radius. The VP2 and VP3 molecules form on the external surface a broad and complex plateau, rising to 150 A (15 nm) radius, and this is separated from the VP1 peak by what Rossmann et al. describe as a 'canyon' : a pronounced groove surrounding the peak at each pentamer vertex. In a late stage of virion maturation, most VP0 molecules are cleaved to VP2 and VP4. The VP4 molecules are located on the internal surface of the capsid, which poses an interesting problem as to the mechanism of VP0 cleavage. Also on the internal surface, a network of terminal regions of the polypeptide chains acts to bind the structure.
Each paper describes two kinds of comparative exercise. First, the genomes of other serotypes and of distinct picornaviruses have now been completely sequenced, and their encoded protein sequences deduced. This allows comparison with the rhinovirus type 14 or poliovirus type 1 virion protein sequences, and the mapping of changed loci on the 3D structures. In a comparison of poliovirus serotypes, it was found that changes are common over much of the exterior and interior surfaces, but that the core regions of the proteins are notably conserved. Secondly, for both viruses a number of mutants have been obtained by selection of variants resistant to monoclonal antibodies, and the mutated residues in these variants have been determined. Straightforwardly enough, it turns out that the immunogenic sites are located on the high points of the virion surface.
The 3D structures will clearly be the basis for much further thought and experimentation on these viruses and, by extrapolation, other picornaviruses. Such work will include studies on the assembly and maintenance of the structure (including the significance of the proteolytic cleavages, and the nature of interactions with genome RNA), on structural dynamics (including response to heat, chemical agents and receptor binding) and bn disassembly. The nature of receptor binding sites, postulated by Rossmann et al. to reside in the detail of the canyon's walls and floor, will be of major importance, In examining these aspects, work can progress from some hypothesis regarding the function of a region or residue, through systematic modification of the genetic material encoding that region in a DNA clone of the genome, to recovery of such mutants as active virus and evaluation of their phenotypes : an enviable capability. Finally, the structures may also have the effect of making access to computer molecular modelling systems an essential-funding goal for picorna-virologists.
The virology of acquired immune deficiency syndrome
In 1985 the most active, rapidly moving and urgently addressed area of animal virology was study of the virus responsible for AIDS. Much has been written about the disease and its spread, about characterization of the AIDS retrovirus, and also about disputes over precedence, naming and patents. In particular, Science covered the whole field rather thoroughly in its 'Research News' features. Here we summarize work on AIDS retrovirus, and do not treat epidemiology or public health aspects, beyond noting the following. First, in 1985 the cumulative total of reported AIDS cases passed 104 in the U.S.A. and 103 in western Europe; the disease is thus now of major public health concern (Curran et al., 1985) . Second, systems to test for the presence of serum antibodies to AIDS retrovirus have now come into widespread use, most significantly in screening of blood donated for transfusion.
By the beginning of 1985, it was known that a retrovirus was the causative agent of AIDS, and a number of isolations had been made, variously named but here referred to as AIDS retrovirus. The virus specifically infected, and killed, lymphocytes of the T4 class, and the T4 surface antigen was in fact directly implicated in virus attachment. The virus could be grown in T-cell leukaemia-derived cell lines. During 1985, the main areas of progress were in the determination of virus genome structure and analysis of gene function, in characterization of variation in virus strains, in classification of the virus relative to other retroviruses and in description of related animal viruses and animal models.
In early 1985, four complete sequences of the genorne of AIDS retrovirus were published (Muesing et al., 1985; Ratner et al., 1985; Sanchez-Pescador et al., 1985; Wain-Hobson et al., 1985) . The genome is the longest yet analysed for a retrovirus, with a length, as the virion RNA, of 9213 nucleotides. In its DNA version, it has long terminal repeats (LTRs) of 634 base pairs (bp) each, which possess much of the usual LTR features . Unusually, the tRNA binding site is for tRNA ~yS. As shown in Fig. 1 , the sequence possesses open reading frames clearly corresponding to the gag, pol and env genes expected for a non-defective retrovirus. The gag gene is shorter than that of some retroviruses in that its primary translation product is apparently processed into three gag proteins instead of the more usual four, the second being absent. In the pol gene, the predicted amino acid sequence is clearly homologous to those of other retroviruses. The env gene is unusual in its large size and in the large number of possible N-glycosylation sites in the predicted external domain.
The AIDS retrovirus genome organization differs from previously analysed retrovirus genomes in sequences lying between pol and env, and downstream from env. Two novel open reading frames are present, marked A and B in Fig. 1 . These remain of unknown significance at present. Sodroski et al. (1985b) showed that the AIDS retrovirus encodes a transactivator of transcription from the virus's LTR. Two papers , Sodroski et al., 1985 located the transactivator gene, called tat. The tat protein, of 86 amino acids, is expressed from a doublespliced mRNA (Fig. 1) . Exon 1 is non-coding. Exon 2, which lies between reading frame A and env, is essential and contributes 72 amino acids. Exon 3, in the env region, is non-essential and contributes 14 amino acids. The protein is strongly basic, suggesting a mechanism involving DNA binding. Several oncogenic retroviruses also possess genes for specific transactivating proteins, but these are distinct from the AIDS virus tat.
Two types of data have been used for comparison of the genomes of AIDS retrovirus isolates, namely the four complete nucleotide sequences, and a larger number of analyses of restriction nuclease sites in genomic DNAs. Comparisons of the published genome sequences (Rabson & Martin, 1985) showed that there are substantial sequence differences between isolates, although all are clearly variants of the same virus. The differences appear to be most pronounced in the env gene, where a difference of up to 14.6~ in nucleotide sequence in the 5' 1300 bases of env was seen, with corresponding amino acid sequence divergence. Several papers reported restriction nuclease comparisons of isolates (for instance Benn et al., 1985; Wong-Staal et al., 1985) . WongStaal et al. (1985) studied 18 isolates with four restriction enzymes. No two had identical cutting patterns, and many showed multiple differences. Thus, the AIDS retrovirus is probably to be viewed as a set of strains of diverging genome sequences, and the particular variability of env, which encodes the external glycoproteins, suggests that the strains may be evolving under antibody pressure. This picture has implications for the general biology, pathology and evolution of the virus, and also for vaccine development.
Several papers suggested that AIDS retrovirus might be related to, and ought to be classified with, the Lentivirinae, one of the three subfamilies of the Retroviridae according to current classification (for instance, Gonda et al., 1985) . Lentiviruses cause slow, progressive infections of the central nervous system (CNS); the prototype is visna virus of sheep. The relationship was addressed directly by Sonigo et al. (1985) , who determined the sequence of the visna virus genome. As RNA, this has a length of 9202 nucleotides, very close to the 9213 of AIDS retrovirus RNA. The gene organizations of the two viruses are very similar. In particular, visna virus also possesses a central region between pol and env which contains a counterpart of reading frame A. Organization at the downstream end of env appears to differ, but details of the interpretations here remain, in our opinion, somewhat obscure. Predicted amino acid sequences in the pol gene were used to establish phylogenetic relations between visna virus, AIDS retrovirus and other retroviruses, including Rous sarcoma virus, human T-cell leukaemia virus type 1 (HTLV-I), bovine leukaemia virus and Moloney murine leukaemia virus. The AIDS and visna viruses emerged as closely related and distinct from the others, so that AIDS retrovirus probably is to be regarded as a member of the Lentivirinae. An unusual aspect of lentivirus replication is the accumulation in the infected cell of nonintegrated DNA with a single-strand break in its plus strand. This is the result of plus strand synthesis starting from two separate sites on the minus strand. The first is in the usual position near one end, and the other is in the middle of the genome at the downstream end of pol.
Comparison of the sequences now shows that AIDS retrovirus also possesses a potential extra site for plus strand initiation.
The relation between AIDS and visna viruses gives a perspective on two aspects of AIDS retrovirus behaviour. The first is that, in addition to its presence in T-lymphocytes, AIDS retrovirus has also been detected in CNS tissues . Thus, CNS disease may be an intrinsic and significant part of AIDS retrovirus pathology, in addition to effects on the immune system. The second aspect is that antigenic variation has been described in lentiviruses, and has been put forward as a possible part of the mechanism of slow, progressive infection. This could also occur with AIDS virus, and is at least consistent with the data on sequence variation discussed above.
Two viruses isolated from monkeys in 1985 were designated STLV-III, for simian Tlymphotropic retrovirus type III. STLV-IIImac was isolated from captive macaque monkeys with immunodeficiency disorders, and was found to be similar to human AIDS retrovirus in its morphology and growth characteristics, and by antigenic cross-reactivity Kanki et al., 1985 b) . The virus was demonstrated to cause an AIDS-related disease in monkeys, and may thus be of use as a model . The second virus was isolated from apparently healthy, wild-caught African green monkeys, and was designated STLV-IIIAGM (Kanki et al., 1985a) . It too is related to human AIDS virus. One possibility is that this virus, widespread in green monkeys and not apparently pathogenic, has left its natural reservoir and spread into humans, in events leading to the present-day human AIDS virus. It will be of great interest to study both the behaviour of STLV-IIIAcM in green monkeys and its pathology in other species of animal, and to ascertain just how closely it is related to human AIDS retrovirus.
Structure and organization of animal virus genomes
The year 1985 saw the continuing publication of large numbers of papers reporting sequences of virus genes and of whole genomes, and these are certainly too numerous to describe systematically here. However, only one complete genome sequence was published which represented the first for a virus family. This was the sequence of yellow fever virus, representing the Flaviviridae, and it is described separately in the next section. One suspects that there is not yet any lessening of sequence analytical activity, but that the stage has been reached where representatives of the smallest and most tractable classes of genomes have now been sequenced.
Mentioning only a selection of complete genome sequences published: among picornaviruses complete sequences were reported for hepatitis A virus and human rhinoviruses 2 and 14 (Najarian et al., 1985; Skern et al., 1985; Callahan et al., 1985) . The latter is, of course, a necessary contributor to the X-ray crystallographic analysis described above. Amongst other retroviruses, complete sequences were obtained for AIDS retrovirus and visna virus as described above, and also for HTLV-II, bovine leukaemia virus and for an intracisternal A particle defective species (Shimotohno et al., 1985; Sagata et al., 1985; Ono et al., 1985) . Amongst other papovaviruses, the genome sequence of the Shope papilloma virus of cottontail rabbits was published (Giri et al., 1985) . Interestingly, this contains a reading frame proposed to be significantly homologous to an ATP synthetase family.
No complete genome sequences of large DNA viruses were published. The two largest sequences published for these viruses were, first, for the short unique region (Us) of herpes simplex virus type 1 (HSV-1) (McGeoch et al., 1985) and, second, for the Us region of EpsteinBarr virus (EBV) (Hudson et al., 1985a) . These designations are misleading since, although HSV-1 and EBV both belong to the Herpesviridae, they have diverged widely and the two Us regions are not equivalent sequence elements. The HSV-1 Us is 12979 bp long and represents 8 ~ of the genome. It contains the protein-coding regions of 12 genes, six of which had little or no previous characterization. These include three genes which probably encode previously unrecognized membrane glycoprotein species (McGeoch, 1985) . Hudson et al. (1985a) described a 12000 bp sequence spanning the EBV Us region. This is a detailed description, following the 1984 account of the whole EBV genome sequence (Baer et al., 1984) . Five mRNAs were mapped to Us, including two latent cycle species and three late, productive cycle species. D.J. McGEOCH This region also contains OriP,which comprises the origin of replication for the genome's plasmid form in latently infected B-lymphocytes (see below), and sequences encoding two small, RNA polymerase III-transcribed RNA species (denoted EBER1 and EBER2).
During 1984 and 1985, characterization of genome organization for members of the family Paramyxoviridae proceeded rapidly. As presently constituted, this family contains three genera: the paramyxoviruses, the morbilliviruses and the pneumoviruses. The genomes are monomolecular, single-stranded, negative sense RNAs of about 15 000 nucleotides. Analysis has been by cloning of cDNAs synthesized from mRNA species and from readthrough transcripts of adjacent genes, by in vitro translation, by sequence analysis and by use of antibodies to peptides representing predicted amino acid sequences.
It has previously been proposed that for Sendal virus, representing the Paramyxovirus genus, the genomic RNA contained coding regions ordered 3'-N-(P,C)-M-F-H-L-5'. N represents the nucleocapsid protein, P is thought to be a polymerase component, C protein is nonstructural, M protein is associated with the inner face of the viral membrane, F and H are external glycoproteins, and L is part at least of the RNA-dependent RNA polymerase. The glycoprotein H is a haemagglutinin/neuraminidase and F mediates membrane fusion. Each protein is translated from a separate mRNA species, except for P and C which are both read from the same species using different start codons and out-of-phase, overlapping reading frames. Simian virus 5 (SV5) and Newcastle disease virus were considered to have similar genome organizations, except that there was no equivalent of the C protein, although the P mRNA apparently was translated also into a smaller protein, but from the same reading frame. H iebert et aL (1985 a) described the existence of another gene in SV5. This lies between the two glycoprotein genes, possesses its own mRNA, and encodes a 44 amino acid polypeptide, of presently unknown function but possibly membrane-associated. The new protein was termed SH, for 'small hydrophobic'. Sendal virus does not, it seems, possess an equivalent gene. Another emergent difference between Sendal virus and SV5 is that the former has short, uniform intergenic sequences (Gupta & Kingsbury, 1984) whereas in the latter, intergenic stretches vary in size (Hiebert et al., 1985 a) . For both of these viruses, sequences were published for the haemagglutinin/neuraminidase genes (Blumberg et al., 1985; Hiebert et al., 1985b) . Both of the proteins are considered to possess an N-terminal transmembrane sequence, after the manner of influenza virus neuraminidase.
In the morbilliviruses, as represented by measles virus and canine distemper virus, good progress was made in genome characterization. Gene order appears to be similar to that of Sendal virus, with the arrangement of the distal genes (in the 5' portion of genome RNA) remaining tentative Rozenblatt et al., 1985; Russell et al., 1985) . Most interestingly, both viruses possess a second reading frame in the P transcript, like Sendal virus, and this is probably translated from the same mRNA species as P (Barrett et aL, 1985 ; .
The pneumoviruses comprise human respiratory syncytial (RS) virus, together with bovine RS virus and routine pneumonia virus. Although resembling members of the other genera in gross appearance, their detailed morphology is distinct. In 1985, analysis of human RS virus external antigens with monoclonal antibodies suggested the existence of two (Mufson et aL, 1985) or perhaps three subtypes. Genome organization of human RS virus differs from those of the paramyxoviruses and morbilliviruses. RS virus RNA contains l0 non-overlapping genes (Collins et aL, 1984) . Two genes for non-structural proteins are adjacent to the 3' terminus, preceding the nucleoprotein gene (Collins & Wertz, 1985b) . With publications in 1985, nine of the mRNAs have now been sequenced, together with some intergenic regions, which are non-uniform in size Collins & Wertz, 1985a, b) . RS virus encodes two glycoproteins, denoted G and F, involved in cell attachment and in fusion, respectively. However, their structures are distinct from the surface proteins of the other genera. In particular, the G protein comprises a polypeptide of Mr 33 000, which becomes very heavily N-and O-glycosylated (Satake et aL, 1985; Fernie et aL, 1985) .
The Paramyxoviridae are thus being found to exhibit considerable heterogeneity of genome arrangement and coding potential. At present, this appears to fall into two classes. Differences among the various paramyxoviruses and morbilliviruses are probably to be regarded as variations on a theme, with descent from some common progenitor; these variations, however, are greater than might have been expected. The differences between the pneumoviruses and the others, however, appear to be more profound, and may well provoke reclassification of the pneumoviruses.
Another emerging example of variability in organization of a negative-stranded RNA virus family was given by two papers describing mRNA species of haematopoietic necrosis virus, a fish rhabdovirus. This virus apparently encodes six distinct proteins, as opposed to five in vesicular stomatitis virus. In 1985, two phenomena of virus RNA variation were described which could potentially contribute to processes of the evolution of RNA viruses. First, Lai et al. (1985) described molecular recombination between strains of co~ronaviruses, which possess monomolecular, single-stranded positive-sense RNA genomes. Following the picornaviruses, this is only the second RNA virus family for which recombination (as opposed to reassortment) has been observed. Secondly, Hundley et al. (1985) observed that passage of a rotavirus at high multiplicity resulted in the appearance of new RNA species. Rotavirus genomes comprise I 1 segments of double-stranded RNA. In the variants, which were non-defective, certain segments were lost and their sequences were relocated in novel, larger RNA species.
Finally in this section, we note that two sets of single-stranded RNA viruses have now been shown to possess genes encoded in both negative and positive senses, and are thus regarded as 'ambisense'. This has been found to occur in the family Arenaviridae and in the Phlebovirus genus of the Bunyaviridae (but not so far in the Bunyavirus genus) (Auperin et al., 1984; Romanowski et al., 1985; Ihara et al., 1984 Ihara et al., , 1985 . In each case, one of the RNA segments constituting the genome has been shown to encode separate proteins in, approximately, the 5'-proximal halves of RNA molecules of each polarity.
The genome of yellow fever virus
There are about 70 viruses classified as flaviviruses, and they are responsible for a number of serious diseases, including yellow fever, dengue fever and various encephalitides. Until recently they constituted a genus in the family Togaviridae. However, it has become clear that their genome organization and mechanisms of gene expression and replication differ substantially from the alphaviruses, the other main genus in the Togaviridae. The flaviviruses have, therefore, now been reclassified in their own family, Flaviviridae (Westaway et al., 1985) . Also in 1985, the first complete sequence of a flavivirus genome, that of yellow fever virus (YFV), was published . This will form the basis of a definitive description of flavivirus genome organization and expression, and so is outlined here.
The genome of YFV consists of a single-stranded RNA molecule of 10862 residues, with a 5' cap but lacking any 3' poly(A) tract. The genomic RNA is plus-sense, and translation is from genome-sized RNA, with no smaller mRNA species. The mechanism by which synthesis of a number of virus proteins is achieved from one large RNA has been a matter of controversy. By comparison with other systems, for instance the picornaviruses, the most straightforward possibility would be translation of a single polyprotein and subsequent proteolytic processing. However, attempts to map genes for virus proteins under this assumption did not yield interpretable results, and an alternative model was developed, wherein each protein possessed its own, independent translational initiation site. This proposed mechanism is without precedent on such a scale in eukaryotic systems.
The sequence analysis now shows that almost the whole of the sequence forms a single, very large open reading frame, leaving 5' and 3' non-coding regions of 118 and 511 residues, respectively. From recent determination of the N-terminal sequences of the virus structural proteins and major non-structural proteins (Bell et al., 1985; Rice et al., 1985) , the coding sequences for each can be identified in the genome sequence. Based on these data, Rice et aL proposed a model for genome expression. They also introduced a new protein nomenclature, Rice et al. (1985) . The large open reading frame in the RNA is shown as an open box, with boundaries between proteins indicated. Non-structural species which are proposed but not presently identified are labelled as 'ns'.
based on the sequence, and this is used here. In summary, the results are thoroughly consistent with a polyprotein processing route, and appear to exclude the multiple initiation mechanism. Coding organization is shown in Fig. 2 . The three structural proteins, C, M and E, are coded in the 5' quarter of the'genome RNA. C is a basic, virus core species, and is encoded adjacent to the start of the open reading frame. It is followed by M, which is a non-glycosylated membrane protein with a C-terminal hydrophobic region thought to be a membrane insertion sequence. The genome sequence is consistent with M being produced as a glycosylated precursor, prM, whose N-terminal, glycosylated portion is lost during maturation. The coding region for the envelope protein, E, follows the M coding region. The E amino acid sequence is typical of that of glycoproteins, with two possible N-linked glycosylation sites and a C-terminal transmembrane region. The next coding region is for the non-structural protein NS 1. Interestingly, this also has the appearance of a membrane-inserted glycoprotein, but is not found in the virus. There is a possible cleavage site for a Golgi apparatus protease in NS1. M, E and NS1 thus are three consecutively translated proteins which are translated on the rough endoplasmic reticulum. The remainder of the open reading frame contains coding sequences for two large, characterized non-structural proteins found in infected cells, NS3 and NS5. The latter is said to exhibit homology with various viral RNA-dependent RNA polymerases. Two areas of the RNA are left unaccounted for, and the authors suggest that these encode further non-structural proteins. These would be highly hydrophobic species, perhaps membrane-associated.
In processing the putative polyprotein, the action of at least three separate proteolytic systems is invoked, First, the proposed cleavage of prM occurs adjacent to the sequence Arg-Ser-ArgArg, and is postulated to involve a Golgi system enzyme which cleaves near such arginine-rich sequences, and is well known in processing glycoproteins of several viruses. C-prM processing and release of NS 1 might also be carried out by this enzyme. Secondly, cleavages at M-E and E-NS1 are seen as the result of signal peptidase action during membrane-bound translation. This implies that the precursor polyprotein would never actually exist as an unbroken chain. Lastly, the cleavages between various recognized and proposed non-structural proteins are postulated to be effected by a YFV-coded enzyme.
Aspects of virus gene expression
In this section, we outline some aspects of work on the transcription and translation of virus genes. Animal viruses possess, of course, a great range of mechanisms for producing RNA species to act as messengers, but for this year we treat only transcription by nuclear, DNAdependent RNA polymerase II of the host cell. This is now a vast and very active area of work, and studies on virus gene expression merge imperceptibly with those investigating the processes of cellular transcript production per se, where the virus genes are viewed only as convenient examples or models. Thus, the degree to which this area can be regarded as a part of animal virology proper is ill-defined and really a matter of individual outlook.
The mechanistic details of DNA sequence entities comprising eukaryotic transcription initiation and control systems are still quite obscure, although phenomenological description is now extensive, It is clear that several qualitatively distinct classes of sequence elements exist, and these are found in virus genomes as well as in cellular DNA. They include enhancers, which can act at a distance and whose action is to a degree independent of location; upstream elements, located up to several hundred nucleotides from the transcription initiation site; and TATArelated sequences, around 30 nucleotides upstream of the initiation site (Kingston et al., 1985) . Each of these may be involved with sequence-specific DNA-binding proteins; in addition, other factors may interact directly with RNA polymerase II.
Enhancer elements, first detected in papovaviruses, are becoming recognized almost ubiquitously in DNA viruses. In 1985, for instance, enhancer regions were reported for the 3200 bp DNA of hepatitis B virus (Shaul et al., 1985 ; Tognoni et al., 1985) , and, at the other end of the spectrum of genome sizes, for the major immediate-early gene of human cytomegalovirus (Boshart et al., 1985) . The mechanisms of enhancer action remain somewhat mysterious. It was reported that the action of the simian virus 40 (SV40) enhancer involves binding by a sequencespecific protein . Two papers showed that the SV40 enhancer acts to increase the number of RNA polymerase molecules active on DNA contiguous with the enhancer (Treisman & Maniatis, 1985; . This is the most straightforward possible answer, and it at least renders unnecessary the consideration of less direct mechanisms.
For some time it has been known that certain virus proteins, typically produced early in infection, act as transactivators to switch on transcription of later classes of genes. These include the adenovirus Ela protein, and the immediate-early protein IE175 of HSV-1 (and its counterparts in other alphaherpesviruses). Several retroviruses, including human and bovine leukaemia viruses and AIDS virus express transactivators (see above), and Rous sarcoma virus is to be added to the list (Broome & Gilbert, 1985) . Also, rather late in the day, it has been demonstrated that SV40 T antigen can act as a transcription activator of that virus's late genes (Brady et al., 1984; Keller & Alwine, 1984; Brady & Khoury, 1985) . The mechanisms of these activation effects are generally obscure and presumably diverse (Alwine, 1985) . It is likely that both E 1 a and IE 175 act in a manner independent of promoter sequence (Everett, 1984 b; Murthy et al., 1985; Left et al., 1985) .
In the cases of adenovirus E 1 a and HSV-1 IE 175, it has also been shown that the proteins can activate expression of genes other than their proper, viral targets, when such genes are introduced into cells by recombinant plasmids. This suggests that these proteins may act indirectly, through some rather general, transcriptional regulatory system of the cell, and interest in their mechanisms has accordingly broadened. Also, in this integrative vein, it was suggested by Ralston & Bishop (1983) , on the basis of low-level sequence matching, that Ela is structurally homologous with the product of the proto-oncogene c-myc, also thought to modulate transcription. Recently, however, McLachlan & Boswell (1985) set up rigorous statistical criteria for evaluation of low-level similarities of amino acid sequences and, using E 1 a and myc sequences as a test case, came to the conclusion that there is in fact no basis for considering them related or of similar structure.
In 1985, more information was published on the activities of Ela. Experiments with various truncated versions of the protein showed that sequences responsible for nuclear accumulation were located in the C-terminal region, and were separable from sequences exerting the transcriptional activation effect, which were located centrally (Krippl et al., 1985) . Next, and particularly intriguingly, it was shown that E 1 a (and a herpesvirus immediate-early protein) can also exert an activation effect on transcription by RNA polymerase III, which is responsible for synthesis of tRNAs and other small, cellular RNAs (in contradistinction, a linked enhancer did not stimulate polymerase III transcription) (Gaynor et al., 1985; Berger & Folk, 1985) .
Our appreciation of transcriptional regulation by HSV proteins has developed, or at least has become more complex. It was shown that in addition to IE 175, another immediate-early protein of HSV-1, IE110, can also activate transcription of HSV delayed early genes (Everett, 1984a; Gelman & Silverstein, 1985; O'Hare & Hayward, 1985; Quinlan & Knipe, 1985) . In addition, genetic study showed that a third immediate-early protein, IE63, can affect expression of later genes (Sacks et al., 1985) . In studies with cells containing a resident and constitutively expressed IE175 gene, it was found that this protein does not efficiently activate all later HSV genes, when these are introduced in their proper context, in the HSV genome (Persson et al., 1985) . This specificity is rather at odds with IE175's documented general activation properties.
During 1985, advances were also made in a number of other aspects of DNA transcription processes; these, however, have even less of a specific virological content, although many studies used virus genes. Notable areas included analysis of protein factors binding to specific sequences in promoter regions , details of RNA splicing biochemistry (Furneaux et al., 1985; Solnick, 1985) , and the nature of DNA sequences signalling transcription termination and polyadenylation (McLauchlan et al., 1985; Swimmer & Shenk, 1985) .
Turning to aspects of translation : during adenovirus infection large amounts of two small RNA species, termed VAI and VAII, are transcribed from the adenovirus genome by RNA polymerase III, and it is known that VAI has a role in the maintenance of translational efficiency late in infection. It has now been found that this is accomplished by preventing inactivation, by phosphorylation, of the translation initiation factor elF-2 (Reichel et al., 1985; Schneider et al., 1985) . Such phosphorylation is accomplished by a protein kinase which is activated by double-stranded RNA and in many cell types is induced by interferon. Although the precise site of VAI RNA's action is not yet known, these findings are attractively rationalized as representing a device of adenovirus directed at resisting shut-down of the infection by the interferon system. Separately, and by way of a notable and intriguing apparent coincidence, the host factor required for in vitro replication of poliovirus RNA was characterized, and found to possess elF-2 phosphorylating activity: very probably it is the same enzyme as that described above (Morrow et al., 1985) .
For several years there has been a puzzle associated with translation of the pol genes of retroviruses. Thepol gene is distal to gag, and is separated from gag in different cases either by a termination codon or by a shift of reading frame. However, a precursor polyprotein containing both gag and pol sequences is produced (at a low level compared to production of gag precursor only). In principle, this could be achieved transcriptionally by a low abundance spliced mRNA, or translationally by a suppression mechanism. Evidence for translational suppression has now been obtained in the case of Moloney murine leukaemia virus by Yoshinaka et al. (1985) , who purified the protease comprising the gag proximal product of thepol gene, and performed partial amino acid sequence analysis. It turns out that the first four amino acids originate from the end of the gag gene and the fifth is glutamine, which has evidently been inserted in response to the amber codon at the gag-pol boundary. Separately, Jacks & Varmus (1985) studied gag-pol expression for Rous sarcoma virus, where the reading frames are out of phase. They found that translation of an mRNA produced in vitro and definitely lacking any spliced component gave a level of gag-pol product, relative to gag only, similar to that seen in vivo. Thus, in both cases, some form of translational suppression, presently uncharacterized, is clearly operating.
Finally, in this section, we note a steady increase in the numbers of identified bicistronic mRNAs of viruses, with an example from reovirus (Ernst & Shatkin, 1985) , as well as from morbilliviruses (see section on genome structure, above). In this form of overlapping gene system, one mRNA species is produced, but translation is initiated at each of two possible start codons (out of phase in these examples) to yield distinct polypeptides. It seems rather unlikely that such differential initiation of translation, and the differential termination represented by the suppression phenomena, should be restricted to the particular needs of viruses; rather, they must be regarded as a general potentiality of eukaryotic translation mechanisms.
Replication of Epstein-Barr virus DNA in latently infected cells
Regions of D NA virus genomes which act in initiating replicative synthesis of the DNA have been characterized for several viruses. Typically, such an 'ori' region is of the order of 100 bp in size, and may contain palindromic sequences and an (A + T)-rich region [see, for instance, Stow (1985) and Weller et al. (1985) on the structure of HSV origins]. A distinct type of cis-acting structure involved in replication has now been characterized in EBV. Infection of Blymphocytes with EBV can result in immortalization, and in the resulting latently infected cells the virus DNA is maintained as a nuclear, circular episome, with a copy number characteristic of the cell line.
Reasoning that this episomal existence should require a cis-acting DNA sequence for replication, Yates et al. (1984) defined a region of EBV DNA that, when introduced into EBVtransformed lymphocytes as part of a plasmid, enabled maintenance of that plasmid at low copy number in the dividing cells. They proposed that this region contained the origin of episomal replication, and termed this element OriP. In 1985, study of OriP advanced rapidly and elegantly.
The original OriP plasmid did not replicate in ceils lacking a resident EBV genome, so it seemed likely that the virus DNA was supplying an essential trans-acting factor. Only a few EBV proteins are produced in latently infected cells. These include a species originally termed EBNA (Epstein-Barr nuclear antigen). In fact, three separate nuclear proteins are now recognized: EBNA1 (the original), EBNA2 and EBNA3 (Mueller-Lantzsch et al., 1985 ; Rymo et al., 1985; Hennessy et al., 1985) . Yates et al. (1985) and Lupton & Levine (1985) showed that EBNA1 alone is sufficient for maintenance of OriP plasmids, so that plasmids carrying OriP and an active EBNA1 gene replicate in many cell types not carrying EBV. Aside from analysis of EBV replication per se, this opened the possibility of use of these plasmids as vectors for genetic manipulation in eukaryotic cells .
OriP is an 1800 bp element in the Us region of EBV DNA (see section on genome structure). Reisman et al. (1985) showed that OriP was composed of two separable parts, located at either end of the 1800 bp. The first of these was a tandem array of 30 imperfect copies of a 21 bp sequence. Copy number can be reduced at least to 12 without losing activity. The other part contains four sequences related to the tandem array repeat unit, and forms a palindrome of about 60 bp. The orientations and spacing of the two elements can be disturbed without losing OriP activity. Rawlins et al. (1985) studied the DNA-binding activity of the C-terminal portion of EBNA 1, and showed that this binds specifically at both of the OriP components, to sequences within each 21 bp repeat copy.
Mechanistic details of the operation of OriP are presently unresolved. In particular, the evidence for its role in initiation of replication remains indirect. It is clear, however, that OriP differs widely from sequences used by other viruses in control of DNA synthesis in lytic infection, and its further study should significantly advance understanding of EBV latency.
Interactions of virus proteins and cell membranes
This section relates several topics concerned with interactions of various kinds between virusspecified proteins and cell membranes.
In our description, above, of the non-structural proteins of YFV, we noted that one well characterized non-structural protein, NS 1, was synthesized as a membrane-inserted species, and also that several other predicted non-structural species were highly hydrophobic and might be membrane-embedded. These findings are rather typical of data published for a wide range of viruses, including YFV, influenza virus, paramyxovirus SV5, and also HSV and EBV. In each case, new analyses, often including nucleotide sequence determination, demonstrated the existence of novel membrane-embedded proteins. Several are proposed to be involved during natural infection in interactions between infected cells and the immune system. Three of these cases are presented in this section, although they do represent diverse structures and, presumably, functions. Lamb et al. (1985) and Zebedee et al. (1985) studied the Mz protein of influenza A virus. This is translated from a spliced mRNA sequence transcribed from genome segment 7, and is a 97 amino acid non-glycosylated protein with a single hydrophobic region between residues 25 and 43. Lamb et al. showed that M2 occurs in the infected cell and is inserted into the plasma membrane, with its N-terminus external. They demonstrated that anti-peptide antibodies could recognize the external portion, and accordingly suggested that the protein could be an antigen in D.J. McGEOCH natural infection. In particular, they speculated that ME could be the cell surface antigen recognized by cytotoxic T-cells. It should be noted, however, that there is presently no direct evidence to support this idea, and other papers in 1985 put forward the nucleocapsid protein NP as the source of T-cell-recognized antigen (Townsend et al., 1985; Yewdell et al., 1985) . In another study, Hay et al. (1985) examined the genetics of sensitivity of influenza virus strains to the inhibitor amantadine, which acts at an early stage of infection, possibly in virus uncoating. They concluded that M2 was the primary determinant of amantadine sensitivity. While this supports M: having a functional role, it does conflict with the data of Zebedee et aL, inasmuch as they did not detect M: in virus particles.
Debroy et al. (1985) analysed the sequence of an HSV-1 gene involved in virus-mediated cell fusion. In this case the protein responsible has not yet been directly characterized. However, from DNA sequence data it was predicted to be a 338 amino acid species with four highly hydrophobic stretches, and was postulated to be membrane-embedded, with four membranespanning sequences.
A somewhat similar case was examined in more detail with EBV. Messenger RNA mapping and DNA sequence analysis have shown that, in lymphocytes latently infected with EBV, one of the major viral mRNA species encodes a protein of Mr 42000, which possesses six potential membrane-spanning sequences and a hydrophilic, charged C-terminal region (Hudson et al., 1985 b) . Monoclonal antibodies against the C-terminal portion were obtained, and used to show that the protein is present at the infected cell surface with the C-terminal region internal (Mann et al., 1985) . This protein is the leading candidate for being the lymphocyte-directed membrane antigen (LYDMA), characteristically present in latently infected cells and the target for cytotoxic T-cells.
Recently, several authors have suggested that vaccinia virus could encode a protein related to epidermal growth factor (Blomquist et al., 1984; Brown et al., 1985; Reisner, 1985) . This notion arose from comparisons of protein sequences predicted from vaccinia virus DNA sequence analysis with sequence databanks. It turns out that the predicted species is real : Stroobant et al. (1985) have now detected a growth factor in the medium of vaccinia virus-infected cells, and have purified and partially sequenced it. Vaccinia virus growth factor is a glycosylated species of about 77 amino acids, and is thought to have been produced from a larger precursor of 140 amino acids by removal of an N-terminal signal sequence and a C-terminal region which includes a transmembrane sequence. The existence of this growth factor can be correlated, without any present direct evidence, with cell proliferative effects of many poxviruses. In a separate study, Eppstein et al. (1985) produced evidence suggesting that vaccinia virus may attach to cells by binding to the epidermal growth factor receptor in the plasma membrane. This is a curious twist to the story, and its relation to the virus-produced growth factor is not presently clear. One possibility is that the growth factor precursor, with its transmembrane seouence, is itself incorporated in the virion as a surface component.
We finish this section by noting two findings. First, Co et al. (1985) reported isolation of the cell receptor for reovirus type 3 by using anti-idiotypic anti-receptor antibodies, adding reovirus to the growing number of viruses for which cell receptor structures are at least partially characterized. Secondly, Herder et al. (1985) resolved a long-standing minor mystery of influenza virology with evidence of the nature of the receptor-destroying enzyme of influenza C virus. They show that this enzyme, distinct from the neuraminidase of influenza A and B viruses, acts to remove the 9-O-acetyl group from N-acetyl-9-O-acetylneuraminic acid, present in certain protein-linked complex oligosaccharides.
The 'prion' protein of scrapie
For lack of any better classification, we continue to regard the scrapie agent as at least an honorary virus. The year 1985 did not solve the nature of scrapie and related diseases; however, it did see the advance of scrapie research into the modern nucleic acids era, with publication of two papers (Oesch et al., 1985; Chesebro et al., 1985) . It had previously been shown that purification of scrapie infectivity from infected hamster brain gave a fraction highly enriched in protein, which exhibited by gel electrophoresis a single protein band of estimated Mr 27000 to 30000. This finding gave rise to the controversial designation 'prion' for the supposedly proteinaceous infectious entity. The protein species was named PrP27-30. Oesch et al. and Chesebro et al. used the partial amino acid sequence information available for PrP27-30 to construct a set of oligonucleotides representing possible coding sequences for a portion of the protein. The paper by Oesch et al. is more extensive, and this account refers primarily to it. A cDNA library was constructed from polyadenylated RNA of scrapie-infected hamster brain, and this library was searched for sequences which hybridized to the oligonucleotide set. One such clone was found, and DNA sequence analysis demonstrated an open reading frame of 243 codons and a further sequence of 1185 residues 3' to the reading frame, which presumably represents the 3' non-coding region of the cloned mRNA species. The amino acid sequences for the N-terminus of PrP27-30, and for internal PrP27-30 oligopeptides, were present in the open reading frame. The clone is thus a convincingly authentic copy of PrP27-30 mRNA, and it is probable that the PrP27-30 species as isolated is derived from a larger protein by proteolytic truncation at both termini. Work with the cDNA clone then revealed, first, that the hamster genome contains the corresponding gene; second, that the mRNA was expressed to the same extent in scrapieinfected and in uninfected brain, and also at various levels in several other tissues; and third, that highly purified scrapie preparations do not contain nucleic acid sequences of the cloned mRNA. Human and mouse DNAs contain related sequences. It was also shown by immunoblotting with antibody to PrP27-30 that normal and infected brain both contain the protein, but that only in infected brain is the protein resistant to protease.
In summary, PrP27-30 is now seen as being part of a normal protein in CNS tissue. In scrapieinfected brain it purifies with the infectivity and it exhibits a new protease resistance. The importance of these results is in one sense largely negative: they dispose of a number of possibilities regarding the relation between PrP27-30 and scrapie. The precise relation between the protein and the process of scrapie pathogenesis remains totally obscure, but clearly the cloning of the gene for PrP27-30 opens a number of new approaches to evaluating the protein's role in normal nervous tissue and in scrapie infection.
Retroviruses and retrotransposons
To finish this review, we recount here current understanding of what have come recently to be called retrotransposons, and their relations with retroviruses. This is a topic far from the madding crowd of the Oncovirinae and Lentivirinae, and indeed is not an immediate part of animal virology at all.
It has become increasingly recognized that there exists in eukaryotes a class of transposing genetic elements whose DNA structures are formally similar to that of the retroviral provirus, most notably in that they are bounded by analogues of LTRs. This class includes Drosophila copia and Saccharomyces Ty elements. Sequence analysis of eopia and a related element showed that they contain open reading frames with homology to gag, pol and env genes (Saigo et al., 1984; Mount & Rubin, 1985) . Furthermore, retrovirus-like particles had previously been found in copia-bearing cells (Shiba & Saigo, 1983) . These data gave rise to a strong supposition that transposition by this entity might be mediated by transcription into an RNA copy, followed by reverse transcription to a free DNA form, followed by chromosomal integration. In 1985, work on yeast Ty elements reached the same stage. Sequence analysis showed the presence of gag and pol counterparts, but no env (Mellor et al., 1985 a; Clare & Farabaugh, 1985 ; Hauber et al., 1985) . The decisive turn, however, was construction of a Ty element with an inducible transcription initiation system and containing an intron. It was then found, first, that transposing activity correlated with turn-on of transcription; second, that progeny transposons lacked the intron; and third, that in progeny the LTRs bore rearrangements characteristic of reconstruction of DNA from RNA by retrovirus-like reverse transcription . Furthermore, virus-like particles and reverse transcriptase activity were demonstrated in Ty-bearing cells Mellor et al., 1985 b) . In short, the direct evidence is now compelling that Ty transposes by reverse transcription.
These results have quite far-reaching implications for ideas on mechanisms of eukaryotic genome evolution. In a specifically virological frame, the story is attractive because it offers a rare glimpse of the nature and potentialities of virus-related genetic elements in a phase of their evolution outside what is commonly recognizable as virus-related. One's first response is to view retrotransposons as degenerate forms decayed from their 'real' existence as retroviruses, but this assignment of directionality is not supportable logically, and such intracellular elements could as well be precursors of retroviruses.
